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(54) METHOD AND DEVICE FOR SIMULATION WORK 

(57) Abstract: 

PROBLEM TO BE SOLVED: To achieve high reality by 
applying a touch close to the working operation of real 
world and stress to an operator at the time of operating 
a simulation working machine tool by deforming the 
image of a three- dimensional(3D) object to be worked 
displayed on a 2D display screen with this simulation 
working machine tool. 

SOLUTION: The operator holds a model 5 in one hand, 
holds a simulation working machine tool 6 in the other 
hand, detects the position and attitude of the model 5 
through a sensor S1 detects the position and attitude of 
the simulation working machine tool 6 through a sensor 
S2 and further detects the pressure contacted to the 
model by the simulation working machine tool 6 through a 
force sensor S3. The touched part of an image 4 
displayed on a display screen 3 is deformed. The time 
change rate of a deformation quantity corresponds to the 
pressure. 
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(54) METHOD AND DEVICE FOR SIMULATION WORK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve high reality by 
applying a touch close to the working operation of real 
world and stress to an operator at the time of operating a 
simulation working machine tool by deforming the image 
of a three- dimensional(3D) object to be worked 
displayed on a 2D display screen with this simulation 
working machine tool. 

SOLUTION: The operator holds a model 5 in one hand, 
holds a simulation working machine tool 6 in the other 
hand, detects the position and attitude of the model 5 
through a sensor S1 detects the position and attitude of 
the simulation working machine tool 6 through a sensor 
S2 and further detects the pressure contacted to the 
model by the simulation working machine tool 6 through 

a force sensor S3. The touched part of an image 4 displayed on a display screen 3 is 
deformed. The time change rate of a deformation quantity corresponds to the pressure 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While detectingjh^ on the model with which the image of a three-dimension 
workpiece was displayed, the model was contacted in the simulation processing tool which the operator 
grasped, and the simulation processing tool contacted the two-dimensional screen It is the simulation 
processing approach characterized by detecting the pressure of that contact, deforming said part of the 
image displayed on the screen which contacted, and for the time amount rate of change of this 
deformation being equivalent to said pressure, and displaying the image after deformation on the screen. 

[Claim 2] The simulation processing approach according to claim 1 characterized by expressing the 
configuration of the workpiece corresponding to the front face of the model which detected the posture 
of the model which the operator grasped and was seen from the operator as an image to the screen. 
[Claim 3] The simulation processing approach according to claim 1 or 2 characterized by corresponding 
beforehand the location on the front face of a model, and the location of the workpiece displayed by the 
image, and transforming an image in the location of the image corresponding to the location on the front 
face of a model. 

[Claim 4] The configuration of the workpiece displayed by the configuration and image of a model is 

the simulation processing approach according to claim 3 characterized by being similar. 

[Claim 5] The simulation processing approach according to claim 3 characterized by the configurations 

of the workpiece displayed by the configuration and image of a model differing. 

[Claim 6] The simulation processing approach according to claim 3 characterized by dividing into two 

or more fields the front face of the workpiece displayed by the image, making a model correspond 

alternatively, corresponding beforehand the location on the front face of a model, and the location in the 

selected field for every field, and deforming the location of the field of the image corresponding to the 

location on the front face of a model. 

[Claim 7] The memory which stores the three-dimension data of the appearance of the workpiece by 
which simulation processing should be carried out, A 1st detection means to detect the location and 
posture of a model which the operator grasped, A display means to display the configuration of the 
workpiece corresponding to the front face of the model which looked at the data which answer the 
output ofthel st detection m eans, have the two-dimensional screen, and were stored in memory from 
read-out an^arToperator on the screen by the image, A si mulation processing tool an d a 2nd detecti on 
means to detect the location in contact with the model of a simulation processing tool, So that the output 
of a pressure detection means to detect the pressure when contacting a model in a simulation processing 
tool, and the 2nd detection means and a pressure detection means may be answered, and said part of an 
image which contacted may be deformed and the time amount rate of change of this deformation may be 
equivalent to a pressure Simulation processing equipment characterized by including an image data 
correction means to amend the data currently stored in memory. 

[Claim 8] It is simulation processing equipment according to claim 7 which the 2nd detection means 
detects the posture of a simulation processing tool further again, and is characterized by an image data 
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correction means performing image deformation of said part which contacted in the deformation 
direction corresponding to the posture of the detected simulation processing tool. 
[Claim 9] An image dataj^co itectio nrneans is simulation processing equipment according to claim 7 or 8 
characterized by to ameridlhe datawffich answer the output of the deformation direction setting means 
and are stored in the memoryof said part which contacted so that an image may be dented and it may 
die, or so that it may upheave, including further a means dent and set up the deformation direction of 
either the direction which dies, or the upheaving direction. 

[Claim 10] An image data correction means is simulation processing equipment of one publication 
among claims 7-9 characterized by transforming an image in the location of the image corresponding to 
the location on the front face of the model when corresponding beforehand the location on the front face 
of a model, and the location of the workpiece displayed by the image, and contacting a model and a 
simulation processing tool. 

[Claim 1 1] An image data correction means divides into two or more fields the front face of the 
workpiece displayed by the image, and makes a model correspond alternatively for every field. The 
location on the front face of a model, Simulation processing equipment of one publication among claims 
7-10 characterized by corresponding the location in the selected field beforehand and deforming the 
location of the field of the image corresponding to the location on the front face of a model. 
[Claim 12] An image data correction means is simulation processing equipment of one publication 
among claims 7-11 characterized by sticking a texture on some [ at least ] fields of the image of the J 
workpiece displayed by the display means alternatively. / 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] With the application of the so-called computer graphics (abbreviated name CG) 
technique, an operator molds this invention on a workpiece object using a simulation processing tool, 
and it relates to the simulation processing approach and equipment which can be displayed on real time 
in three dimension in the form of which it complains to vision and which perform the so-called virtual 
molding. 
[0002] 

[Description of the Prior Art] The virtual design system which performs a configuration design 
interactively is realized to the body which displayed the stereoscopic vision image of a three-dimension 
workpiece on the two-dimensional screen, and was displayed on it in the graphic space on such 
imagination. In deformation actuation of the configuration of the body displayed on the screen, it has 
been required that an operator can be provided with the response near processing actuation in the real 
world. In the typical advanced technology, since the actuation feeling of a response is generated, the link 
mechanism which has a complicated configuration is used. A link mechanism is connected with the 
simulation processing tool which an operator grasps, and actuation feeling is generated in it. The model 
which is the simulation body of a wor^iece in this advanced technology is fixed, and a sense of reality 
is scarce. As advanced technology, JPJIT2U914,A by JP,2-227777,A and this applicant etc. is 
mentioned, for example. 
[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the simulation 
processing approach and equipment which generate and give the actuation feeling of a response to the 
simulation processing tool which the operator's grasped, and enabled it to give a high sense of reality 
moreover. 
[0004] 

[Means for Solving the Problem] While this invention detects the location on the mode l with which the 
image of a three-djm gnsion workpiece wasjl isplayed, the model was contacted in the simulation 
processing tool which the operator grasped, and the simulation processing tool contacted the two- 
dimensional screen It is the simulation processing approach characterized by detecting the pressure of 
that contact, deforming said part of the image displayed on the screen which contacted, and for the time 
amount rate of change of this deformation being equivalent to said pressure, and displaying the image 
after deformation on the screen. 

[0005] If this invention is followed, the stereoscopic vision image of a three-dimension workpiece object 
is displayed on the two-dimensional screens, such as liquid crystal or a cathode-ray tube, and an operator 
will grasp a simulation processing tool and will contact the model which is a simulation body for 
actuation in a simulation processing tool. Although the model may be prepared in the fixed position, an 
operator grasps and you may make it move. ~~~~~~~~~~~ 
[0006] By detecting the location where the simulation processing tool on a model contacted, it amends 
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so that the part which the image displayed on the screen contacted may be deformed, and it displays. 
The pressure of the contact to the model of a simulation processing tool is also detected, and the time 
amount rate of change of the deformation of said part which contacted is set up corresponding to this 
detected pressure. When an operator contacts a model by the comparatively big pressure in a simulation 
processing tool, the time amount rate of change of deformation is set up greatly, and big deformation is 
obtained for a short time. With this, conversely, when the pressure of contact is small, the time amount 
rate of change of deformation is small, and deformation of said part of an image which contacted is 
performed slowly. The appearance which simulated the configuration which a simulation processing 
tool equips with for example, a rotation grinding stone or a drill may be formed in the shape of a pencil. 
This processing contains all of cutting, deformation, addition, etc. In this way, the part which the 
simulation processing tool of the image by which stereoscopic vision is carried out contacted is similarly 
deformed with it being actual, is amended in the image of the processing implement, and a display is 
performed. The actuation feeling of the response near processing actuation in the real world can be 
given to an operator, and a high sense of reality can be attained. Deformation may be the depth, height, 
or the volume. 

[0007] Moreover, this invention detects the posture of the model which the operator grasped, and is 
characterized by expressing the configuration of the workpiece corresponding to the front face of the 
model seen from the operator as an image to the screen. 

[0008] If this invention is followed, an operator will grasp a model and will detect the posture of the 
model. In this way, by detecting the location and posture of a model, the configuration of the workpiece 
object corresponding to the front face of the model seen from the operator can be expressed to the screen 
as a stereoscopic vision image. Therefore, operability improves further. An operator can grasp a 
simulation processing tool by one hand, can grasp a model by the hand of another side, and can perform 
virtual molding, therefore can attain a high sense of reality. 

[0009] Moreover, this invention corresponds beforehand the location on the front face of a model, and 
the location of the workpiece displayed by the image, and is characterized by transforming an image in 
the location of the image corresponding to the location on the front face of a model. 
[0010] If this invention is followed, the location of the workpiece object displayed on the location and 
the screen on the front face of a model by the image is corresponded beforehand. When the 
configuration of the workpiece object displayed by the configuration and image of a model is almost the 
same and similar with this, or even if it is any when differing, the actuation feeling of the response near 
processing actuation in the real world is easily generated using a model, and deformation actuation of an 
image can be performed. 

[001 1] Moreover, it is characterized by the configuration of a workpiece where this invention is 
displayed by the configuration and image of a model being similar. 

[0012] If this invention is followed, as shown in below-mentioned drawing 2 , a model and the 
workpiece object of an image can be almost the same, it can be similar, therefore an operator can acquire 
an actually near response correctly. 

[0013] Moreover, this invention is characterized by the configurations of the workpiece displayed by the 
configuration and image of a model differing. 

[0014] If this invention is followed, even if the image on the screen which deformed using the 
simulation pro cessing tool is a time of the early original configuration bein g lar ge and c hanging as later 
mentioned in relation to drawing 10 for example, it will become possible correctly using the same model 
to generate the actuation feeling of the response near processin g actuation in the real wor ld. 
[0015] Moreover, this invention divides into two or more fieklsthe front face of the workpiece 
displayed by the image, for every field, makes a model co rrespond alternative ly, corresponds beforehand 
the location on the front face of a model, and thelocation in the selected field, and is characterized by 
deforming the location of the field of the image corresponding to the location on the front face of a 
model. 

[0016] If this invention is followed, the configuration of the body which is the workpiece displayed by 
the image will choose the field which divided and each divided the front face of the workpiece into the 
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shape for example, of a grid, i.e., two or more fields of rectangles, such as a square, and will make the 
tabular model of a configuration similar to said each field, for example, a rectangle, correspond, so that 
it may be later mentioned in relation to drawing 12 , for example, when large compared with a model. 
Furthermore, the location on the front face of a model and the location in the field where the image was 
chosen are corresponded beforehand. By contacting the location where a simulation processing tool is ^ 
wished to have on the front face of a model, the location of said field corresponding to the location 
which contacted is deformed. In this way, a model can be alternatively responded to each field divided 
into the plurality of the image of a workpiece, and the actuation feeling of a response can be given to an 
operator. 

[0017] Moreover, the memory which stores the three-dimension data of the appearance of a workpiece 
with which simulation processing of this invention should be carried out, A 1st detection me ans to detec t 
the location and posture of a model which the operator grasped, A display means to displaythe 
configuration of the workpiece corresponding to the front face of the model which looked at the data 
which answer the output of the 1st detection means, have the two-dimensional screen, and were stored in 
memory from read-out and an operator on the screen by the image, A simulation processing tool and a 
2nd detection means to detect the location in contact with the model of a simulation processing tool, So 
that the output of a pressure detection means to detect the pressure when contacting a model in a 
simulation processing tool, and the 2nd detection means and a pressure detection means may be 
answered, and said part of an image which contacted may be deformed and the time amount rate of 
change of this deformation may be equivalent to a pressure It is simulation processing equipment 
characterized by including an image data correction means to amend the data currently stored in 
memory. 

[0018] If this invention is followed, the location and the posture of a model of the model which the 
operator grasped with the 1st detection means will be detected, and the stereoscopic vision image of the 
configuration of a workpiece seen from the operator side to the two-dimensional screen will be 
displayed with a display means by this. The location which contacted the model of the simulation 
proces sing tool which the operator grasped with the 2nd detection means is detected, a pressure 
detection means detects the contact pressure further, and said part of the image of a workpiece which 
contacted is deformed in this way. The time amount rate of change of the deformation is defined 
corresponding to a pressure, and amends image data. In this way, the image of a workpiece can be 
transformed by the simulation processing tool, an operator grasping a model and cha nging the locatio n 
and posture of the model. — 
[0019] Moreover, as for this invention, the 2nd detection means detects the posture of a simulation 
processing tool further again, and it is characterized by an image data correction means performing 
image deformation of said part which contacted in the deformation direction corresponding to the 
posture of the detected simulation process ing tool. 

[0020] If this invention is followed, the 2nd detection means also detects the posture of the simulation 
processing tool, and when [, such as for example, a rotation grinding stone or a drill, / long and slender ] 
it has a pencil-like configuration, for example, corresponding to the posture of a simulation processing 
tool, it it not only detects the location in contact with the model of a simulation processing tool, but can 
define the direction whic h the image of a workpiece deforms in the simulation processing tool. This can 
attain further the high sense of reality approximated to processing actuation in the real world. 
[0021] Moreover, an image data correction means is characterized by to amend the data which answer 
the output of the deformation direction setting means and are stored in the memory of said part which 
contacted so that an image may be dented and it may die, or so that it may upheave, including further a 
means set up the deformation direction of either the direction which this invention is dented and dies, or 
the upheaving direction. ^/ 

[0022] If this invention is followed, a simulation processing tool can dent the image of a workpiece, or it 
can be transformed so that it may upheave. A three-dimension configuration design becomes very easy 
by this. An imagination top is possible for upheaving especially a workpiece object partially, and the 
alteration of a model is easy. 
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[0023] Moreover, the image data correction means corresponds beforehand the location on the front face 
of a model, and the location of the workpiece displayed by the image, and this invention is characterized 
by transforming an image in the location of the image corresponding to the location on the front face of 
the model when contacting a model and a simulation processing tool. 

[0024] If this invention is followed, like above-mentioned claim 3, the location on the front face of a 
model and the location of a workpiece will correspond beforehand, and a processing tool will transform 
an image in the location of said part which contacted corresponding to the location on the model front 
face of the part which contacted on the surface of the model In this way, even if it is a time of the 
configuration of a model and a workpiece being similar, or even if it is a time of it not being similar and 
differing, an operator can be provided with the response near processing actuation in the real world, and 
an operator can operate a simulation processing tool with the highest possible sense of reality. 
[0025] Moreover, an image data correction means divides into two or more fields the front face of the 
workpiece displayed by the image, and for every field, this invention makes a model correspond 
alternatively, corresponds beforehand the location on the front face of a model, and the location in the 
selected field, and is characterized by deforming the location of the field of the image corresponding to 
the location on the front face of a model. 

[0026] If this invention is followed, as stated in relation to claim 6, the front face of the workpiece is 
divided into two or more fields, when a workpiece is large, the location on the front face of a model and 
the location in the selected field can be responded by corresponding to a model alternatively for each 
[ the / which was divided ] field of every, and an image can be transformed. By this, it can be highly 
precise and a workpiece can be transformed now. 

[0027] Moreover, this invention is characterized by an image data correction means sticking a texture on 
some [ at least ] fields of the image of the workpiece displayed by the display means alternatively. 
[0028] If this invention is followed, the texture which has the color for which it wishes, a pattern, etc. 
can be alternatively stuck on some [ at least ] fields of the image of a workpiece. It becomes easy to 
understand the image of the finished product of the workpiece by texture attachment by this. Therefore, 
the activity which processes a workpiece using a simulation processing tool can be done easily, having 
the image of a finished product. 
[0029] 

[Embodiment of the Invention] Drawing 1 is the perspective view showing the configuration of the one 
whole gestalt of operation of this invention. The stereoscopic vision image 4 of a three-dimension 
workpiece is displayed by the two-dimensional screen 3 of the display means 2 realized by liquid crystal 
or a cathode-ray tube etc. with which the processors 1, such as a personal computer, are equipped for the 
operator who is before drawing 1 . By one hand, an operator grasps the model 5 which is an object for 
actuation, and grasps the long and slender simulation processing tool 6 by the hand of another side. A 
model 5 is a shoes pattern in the shoemaking industry, and since it is created on the basis of people's 
guide-peg frame, even if it repeats the form status change form, it is similar, and that each configuration 
of a model 5 and the image 4 of a workpiece is the same or coming size and becoming Lycium chinense 
do not have it, and, as for the configuration difference, it continues maintaining the so-called similarity 
relation. In real space, a xyz rectangular coordinate system is set up and an image 4 is displayed on the 
screen 3 according to this. 

[0030] In order to de tect the location and posture in said system of coordinates of a model 5, a sensor SI 
and an oscillator 7 are formed. A sensor SI is fixed to a model 5. An oscillator 7 is formed in a fixed 
position. A sensor SI constitutes the 1st detection means. Furthermore, a sensor S2 is fixed to the 
simulation processing tool 6, the 2nd detection means is constituted with an oscillator 7 in it, and the 
location and posture in said system of coordinates of the point 8 in contact with the model 5 of the 
location of the simulation processing tool 6 and a posture, therefore its simulation processing tool 6 are 
detected in it. Sensors SI and S2 exist in the alternating current field generated by the oscillator 7, and 
can detect a location and a posture as mentioned above based on the alternatin g current magnetic field 
strength and direction. 

[0031] According to the configuration which detects the location and posture of a model 5 and the 
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simulation processing tool 6 with sensors SI and S2 and an oscillator 7 It compares with the 
configuration which connects the simulation processing tool in the above-mentioned advanced 
technology with a link mechanism. A configuration can be simplified, it is cheap and actuation tolerance 
can be made large. The degree of freedom of a motion of an operator becomes large, it can work by the 
ability not making under an activity and the overarm section into the condition of having floated, 
physical fatigue can be mitigated, a model 5 and the simulation processing tool 6 can be moved further 
freely, and operability is still better. That is, with the gestalt of above-mentioned operation, during an 
activity, the overarm section cannot be made into the condition of having floated and the load of the 
operator at the time of an activity can be mitigated. In the above-mentioned advanced technology, since 
the simulation processing tool is connected with the link mechanism, an operator will have a hand 
restrained, consequently will have applied the overload to the overarm section. According to the gestalt 
of above-mentioned operation of this invention, the problem of such advanced technology can be solved 
and the load of the operator at the time of an activity can be mitigated as mentioned above. 
[0032] By the sensor S2, since the location and posture of the simulation processing tool 6 are detectable 
When this simulation processing tool 6 is a long and slender configuration, the location of the three 
dimension of a point 8, therefore its point 8 and model 5 can be detected. Furthermore, by calculating 
the posture in the location of a part where a model 5 contacts, and calculating the posture of a model 5 
by the sensor SI, the axis of the simulation processing tool 6 can dent for it and transform a model 5 in 
the direction of an axis of the simulation pr ocessing tool 6, or can upheave and transform it into it. 
[0033] ArthougfTit is not necessary to use~a link mechanism, you may make it use a link mechanism in 
this invention. 

[0034] The force sensor S3 which constitutes a pressure detection means is attached in the simulation 
processing tool 6 again. The pressure of the contact in the part 10 which the point 8 contacted is 
detectable with this force sensor S3. The deformation direction configuration switch 1 1 is formed in a 
simulation processing tool again, and either the direction where the image 4 was dented, or the 
upheaving direction can be set up. 

[0035] Drawing 2 is the perspective view showing a model 5 and the three-dimension stereoscopic 
vision image 4 of the workpiece in the display screen 3. The location 13 of the workpiece displayed by 
the image 4 corresponds beforehand, and each location 12 on the front face of a model 5 is set up. In 
such an object model 5 for similarity mold actuation, the frame configuration of an image 4 lets the 
process of deformation actuation pass, and it is almost eternal, namely, the model 5 which has a similar 
configuration is prepared beforehand. [ the initial form of an image 4 ] Since the image 4 whole can be 
simulated with a model 5, the any selected point 13 of an image 4 is matched with the point 12 of the 
model 5 corresponding to 1 to 1 as mentioned above. Therefore, an operator can perform form status 
change form actuation of an image 4 intuitively using a model 5 and the false processing tool 6. 
[0036] Drawing 3 is the block diagram showing the electric configuration of a processor 1. The output 
from sensors SI -S3 and the deformation direction configuration switch 1 1 is given to the processing 
circuit 14 realized with a microcomputer etc., and the output from the deformation configuration switch 
19 and selecting switches 30 of the input means 15, such as a keyboard, is given to it, respectively. The 
processing circuit 14 can read the data of the record medium 16 which the portable record medium 16 o f 
a floppy disk et c. was made to output the image after completion of the workpiece displayed on the 
screen 3 to read-out / write-in means 17, or recorded the initial image of a workpiece on it, and can be 
received while displaying the image 4 of a workpiece on the display means 2 as mentioned above. 
[0037] Drawing 4 is a flow chart for explaining actuation of the processing circuit 14 shown in drawing 
3 . It moves from step al to step a2, and a display mode is performed. In order for the image 18 of the 
processing tool in this same graphic space to perform three-dimension form status change form actuation 
of the image 4 of the workpiece in the graphic space displayed on the screen 3, it is operated using the 
simulation processing tool 6 furnished with a sensor S2 and a force sensor S3 to the model 5 for 
actuation fUrnished with the sensor SI in real space. By the sensor SI, the location and posture of a 
model 5 are detected and an image 4 is displayed on the screen 3. By the sensor S2, the location and 
posture of the simulation processing tool 6 are detected, and an image 18 is displayed on the screen 3. 
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[0038] The pressure generated according to the contact situation of a model 5 and the point 8 of the 
simulation processing tool 6 is detected by the force sensor S3. Corresponding to this detected pressure, 
the configuration of the processed field of said part of an image 4 which contacted deforms. By sensors 
SI and S2, since the location and posture of a model 5 and the simulation processing tool 6 are detected 
as mentioned above, the images 4 and 18 of the screen 3 are displayed, after the operator has looked at 
the model 5 and the simulation processing tool 6. 

[0039] The te xture ima geto wish to have can be stuck on the front face of an image 4 in the display \/ 
mode in this step a2. A texture is sticking and displaying partially, arbitrary images, such as texture of \/ 
the front face of the workpiece displayed with an image 4, color, and a pattern, over the whole, on the \/ 
front face of the workpiece in graphic space. An operator can be made to understand the image of the 
finished product of a workpiece easily by this now. 

[0040] At step a3, the point 8 of the simulation processing tool 6 detects the pressure in contact with a 
model 5 with the output of a force sensor S3. It judges whether it is or not, more than 1 [ threshold F] the 
detected pressure F sets beforehand. When the detected force F is more than threshold Fl (F>=F1), it 
moves to the following step a4, and form status change form mode is performed. 
[0041] Drawing 5 is drawing for explaining actuation of a force sensor S3. A force sensor S3 derives the 
electrical signal which has the level to which the point 8 of the simulation processing tool 6 was in direct 
proportion to the pressure in contact with a model 5. Less than [ threshold Fl ], the detected pressure F 
performs a display mode in (F<F1) and step a2. When the detected force F is more than threshold Fl, in 
step a4, form status change form mode is performed as mentioned above. The input means 15 can adjust 
this threshold Fl, and by this, according to the individual difference of the strong man of a finger, a 
weak person, etc., it can improve the operability of the simulation processing tool 6, and can perform 
form status change form mode. 

[0042] Drawing 6 is a flow chart for explaining concrete actuation in the form status change form mode 
shown in step a4 of drawing 4 performed by the processing circuit 14. It moves from step bl to step b2, 
and calculates and asks for the deformation location of the image 4 on graphic space from the location 
and posture of the model 5 detected by sensors SI and S2, respectively, and the simulation processing 
tool 6. the configuration of the workpiece displayed by the configuration and image 4 of a model 5 in 
the object model 5 for similarity mold actuation mentioned above in relation to drawing 2 is the same — 
or it is similar and each locations 12 and 13 are matched beforehand. Other gestalten of operation of this 
invention about matching of each location of such a model 5 and an image 4 are later mentioned further 
in relation to drawing 10 - drawing 13 . 

[0043] The deformation of an image 4 is calculated and calculated at step b3. Corresponding to the 
pressure of the part which is detected by the force sensor S3 and which contacts, the time amount rate of 
change of defo rmation changes. 

[0044] Drawing 7 is drawing showing the time amount rate of change v of the deformation 
corresponding to the contact pressure F detected by the force sensor S3 of the image 4 of a workpiece. 
When a pressure F is the threshold Fl explained in relation to drawing 5 , the time amount rate of 
change vl of deformation is a comparatively small value. The time amount rate of change v of 
deformation changes with a primary function as a pressure F becomes large. 
[0045] 

v = kl and F+c - (1) 
Here, kl and c are constants. 

[0046] The deformation direction set up by the deformation direction configuration switch 1 1 is 
forward, and deformation can set up the direction which is dented by cutting etc. and dies, or the 
deformation direction is negative, and it can switch and set up the direction which carries out padding 
and upheaves. 

[0047] At step b4 of drawing 6 , with the deformation calculated at step b3, an image 4 is transformed 
and it indicates by stereoscopic vision in the deformation location called for at step b2 at the screen 3. 
As deformation may be calculated and you may indicate by deformation by the deformation 
configuration switch 19 in the configuration which has a smooth convex surface near the deformation 
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location called for in step b2, as shown by the reference mark 20 of drawing 8 (1), or shown by the 
reference mark 21 of drawing 8 (2), it is a sharp deformation configuration, for example, deformation 
may be calculated in the shape of a truncated cone, and you may indicate by deformation. 
[0048] It is also possible for it to be made to transform the image 4 at the time of processing which the 
simulation processing tool 6 is a knife and shaves off a model 5 with this knife with other gestalten of 
operation of this invention. 

[0049] Drawing 9 is the perspective view simplified for explaining the condition of carrying out 
deformation processing of the model 5 using the simulation processing tool 6. When the location 12 of a 
model 5 is contacted, the point 8 of the simulation processing tool 6 is the time amount rate of change v 
of the deformation corresponding to the force detected by the force sensor S3, and an image 4 is 
transformed so that the padding of the sheet metal 22 with fixed thickness may be deleted or carried out 
to a target one by one. Let it be a small area as each plate 22 has so small that it is deep an area and 
approaches a crowning towards upheaving towards denting and dying. This can perform the deformation 
display of an image 4 easily. 

[0050] Drawing 10 is drawing showing image 4a displayed on the model 5 of other gestalten of 
operation of this invention, and the screen 3 of the display means 2. When in contacting that point 8 on 
the front face of a model 5, and deforming the configuration of image 4a using the simulation processing 
tool 6 it can be made to be able to deform using same model 5 a until it results in the frame configuration 
of image 4a, and the whole image 4a can be expressed by model 5a, this object model 5a for map mold 
actuation is used. Namely, the configuration of the workpiece displayed by the configuration of model 
5a, and image 4a almost the same [ in / in the early stages of form status change form actuation, have 
already differed, or / the early stages of form status change form actuation ] — or, even if similar Such 
model 5a is used [ by performing form status change form actuation, the configuration of model 5a 
comes to differ from the configuration of image 4a ] at the time, and the location in each configuration 
of model 5a and image 4a corresponds beforehand. Irrespective of deformation of image 4a, model 5a 
may be for example, the convex form model equipped with the versatility used in common, or may be a 
concave model. 

[0051] In image 4a, the locations 24 and 25 on the front face of model 5a are matched with 1 to 1 by the 
locations 26 and 27 of image 4a which has a map relation, respectively, and locations 26 and 27 are 
beforehand set as them for them in the processing circuit 1. Even if image 4a carries out a form status 
change form and differs from the configuration of model 5 a greatly by this, an operator can operate the 
simulation processing tool 6 and can generate the actuation feeling of a response and reaction force. 
[0052] Drawing 1 1 is a flow chart for explaining actuation of the processing circuit 1 when using object 
model 5a for map mold actuation shown in drawing 10 . It moves from step cl to step c2, and the 
locations 24 or 25 which are the points on the front face of model 5a are detected by the output of a 
switch S2. The other configurations and the actuation which calculate the locations 26 or 27 on image 
4a, and deform a configuration at step c3 are the same as that of the gestalt of the above-mentioned 
operation. 

[0053] Drawing 12 is drawing showing image 4b displayed on model 5b of other gestalten of operation 
of this invention, and the screen 3 of the display means 2. With the gestalt of this operation, image 4b of 
the workpiece which is a candidate for a design assumes the actual very large time compared with model 
5a. The front face of the workpiece displayed by image 4b is carved into two or more grid-like, for 
example, rectangle, fields 29, and is divided. The selection means 30 chooses one field 29 in two or 
more fields which can be set to image 4b. The field 29 chosen by this corresponds to the front face of 
model 5b. In this way, the single field 29 chosen on image 4b of graphic space is matched with object 
model 5b for subtype actuation. This model 5b is used common to two or more fields 29, and with the 
gestalt of this operation, model 5b is tabular and is equipped with versatility. 

[0054] Drawing 13 is a flow chart which shows actuation of the processing circuit 1 for explaining the 
actuation which transforms image 4b using object model 5b for subtype actuation shown in drawing 12 . 
It moves from step dl to step d2, and one field 29 in the field divided into the plurality of image 4b by 
the selection means 30 is chosen. This selected field 29 corresponds to model 5b. The location 32 on 
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model 5b is matched with the location 33 which is a point in one selected field 29 of image 4b by 1 to 1. 
[0055] At the following step d3, by contacting the front face of model 5b using the simulation 
processing tool 6, the location 32 of model 5b can be detected and the configuration of the location 33 of 
the selected field 29 can be deformed by the following step d4. In this way, it calculates and asks for the 
location 33 in the field 29 of image 4b, and deformation actuation of a configuration is performed. A 
series of actuation is ended at step d4. 

[0056] With the gestalt of operation of this invention shown in drawing 12 and drawing 13 , it becomes 
possible to migrate to a large field from a detailed field, and to deform the configuration of image 4b 
using common model 5b with the OFF part beam precision which the field 29 of image 4b divides. 
Other configurations and actuation are the same as that of the gestalt of the above-mentioned operation. 
[0057] In this way, using the three-dimension configuration data after processing of the body currently 
stored in the obtained memory, NC (numerical control) processing equipment can be operated and the 
body of fi nished pr oducts, such as a model which has the actual configuration for which it wishes, can 
be manufacftlred^ data after processing are stored in a record medium 16. 

[0058] In order to detect the location and posture of Models 5, 5a, and 5b, and in order to detect the 
location and posture of the simulation processing tool 6, you may make it use the configuration of not 
only a configuration but others which use the combination of the above-mentioned sensors SI and S2 
and an oscillator 7 with other gestalten of operation of this invention. A force sensor S3 may be realized 
by the strain gage etc. 

[0059] According to this invention, the three-dimension solid image data of the finished product of the 
workpiece obtained by deforming by the image data correction means can be transmitted and stored in 
the memory of pocket forms, such as a floppy disk, for example, NC (numerical control) machinery can 
be equipped with this memory, and a finished product can be manufactured automatically. 
[0060] In this invention, a color, a pattern, etc. can be stuck in the field which performs actuation of 
sticking a texture to the three-dimension workpiece of the graphic image displayed on this two- 
dimensional screen, namely, the front face of a workpiece expects of it further. By this, the completion 
image of a finished product can be realized easily and the molding design of goods becomes still easier. 

[0061] y 

[Effect of the Invention] According to this invention of claim 1, the stereoscopic vision imageofathree- 
dimension workpiece is displayed on the two-dimensional screen. An operator Since a modeTcaiTbe 
contacted in a simulation processing tool, the workpiece of an image can be transformed by this and an 
image can be transformed with the time amount rate of change of the deformation corresponding to the 
pressure of the contact To the three-dimension workpiece displayed in graphic space, the virtual design 
which performs a configuration design interactively can be attained, moreover can provide an operator 
with the response near processing actuation in the real world, and can attain a high sense of reality. And 
according to this invention, although the model may be prepared in the fixed position, an operator may 
grasp and displace and a configuration design becomes still easier by this. 

[0062] Thus, in deformation actuation of the image of a three-dimension workpiece, form status change 
form actuation that precision is high is cheaply realized with a comparatively easy configuration, being 
accompanied by the sense of reality high as mentioned above by using the model and simulation 
processing tool for actuation. Therefore, in the field which was performing the configuration design 
from the former using the clay model and the wooden model, expansion of the three-dimension 
configuration design of this invention is attained. 

[0063] According to this invention of claim 2, when an operator grasps a model and detects the location 
and posture of the model, the configuration of the stereoscopic vision of the workpiece seen from the 
operator can be expressed to the screen as an image, therefore a high sense of reality can be given to an 
operator. 

[0064] According to this invention of claim 3, the location on the front face of a model, and the location 
of a workpiece by corresponding beforehand Even if it is any when differing when a model and a 
workpiece are the same and it is similar and A simulation processing tool can be contacted on the front 
face of a model, the image of a workpiece can be transformed, and actuation approximated as much as 
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possible to processing actuation in the real world can be performed now. 

[0065] According to this invention of claim 4, a model has a configuration similar to the configuration 
of a workpiece, and according to this invention of claim 5, a model can give an operator the response 
which contacted and approximated the simulation processing tool to processing actuation in the real 
world as much as possible on the front face of a model, even if the configuration of a workpiece has a 
different configuration and is at which time. 

[0066] According to this invention of claim 6, a workpiece compares with a model. When large, Divide 
the front face of the workpiece into two or more fields, and a model is made to correspond alternatively. 
The location on the front face of a model, Correspond the location in the selected field and a simulation 
processing tool is contacted on the front face of a model. The location where the image of a workpiece 
corresponds can be deformed, it can be highly precise, and the workpiece which has a large 
configuration in this way can be transformed now, and the response near processing actuation in the real 
world can be given to an operator in such a configuration. 

[0067] According to this invention of claim 7, the 1st detection means can detect the location and 
posture of a model which the operator grasped, and it can be displayed as the stereoscopic vision image 
which looked at the configuration of a workpiece from the operator. Further with the 2nd detection 
means When a simulation processing tool detects the location in contact with a model and detects the 
contact pressure with a pressure detection means further, said part which contacted with the time amount 
rate of change of the deformation corresponding to a pressure It can deform and this can perform now 
form status change form actuation that precision is high, with a high sense of reality. Moreover, such 
actuation is very easy. It is possible to give an operator the actuation feeling of an actually near response 
and reaction force. Moreover, since such a configuration is easy, its failure decreases, and it can be 
realized by the low price. 

[0068] Furthermore, according to this invention, this invention can be carried out over rough processing 
from micro processing. For form status change form actuation of the technical field which was 
furthermore performing the configuration design using the clay model and the wooden model from the 
former, and other three-dimension workpieces, this invention can be carried out broadly. 
[0069] According to this invention of claim 8, the 2nd detection means can detect the posture of a 
simulation processing tool, the deformation direction of a workpiece can be set up corresponding to the 
posture when contacting a model in a simulation processing tool, and this can perform deformation 
actuation of the image of a workpiece with a still higher sense of reality. 

[0070] According to this invention of claim 9, the image of a workpiece can be dented, or it can upheave 
and the outstanding effectiveness that this can perform various kinds of configuration designs easily is 
attained. 

[0071] According to this invention of claim 10, like above-mentioned claim 3, when the configuration of 
a model and the configuration of a workpiece are the same and it is similar, an operator can be provided 
with the response near processing actuation in the highest possible real world, and reaction force also in 
any when differing. 

[0072] Being accompanied by the highest possible sense of reality like above-mentioned claim 6, 
according to this invention of claim 11, even if a workpiece is compared with a model at the large time, 
form status change form actuation that precision is high is attained, and even if it is a big workpiece, it 
becomes possible to perform micro processing easily. 

[0073] According to this invention of claim 12, since a texture can be alternatively stuck on some [ at 
least ] fields of the image of a workpiece, it becomes very easy to understand the image of the finished 
product of the workpiece by texture attachment, and the deformation activity of the workpiece by the 
simulation processing tool can be easily done with a sense of reality. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] With the application of the so-called computer graphics (abbreviated name CG) 
technique, an operator molds this invention on a workpiece object using a simulation processing tool, 
and it relates to the simulation processing approach and equipment which can be displayed on real time 
in three dimension in the form of which it complains to vision and which perform the so-called virtual 
molding. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] By this invention of claim 1, the stereoscopic vision image of a three- 
dimension workpiece is displayed on the two-dimensional screen, and an operator can contact a model 
in a simulation processing tool, can transform the workpiece of an image by this, and can transform an 
image with the time amount rate of change of the deformation corresponding to the pressure of the 
contact. Therefore, to the three-dimension workpiece displayed in graphic space, the virtual design 
which performs a configuration design interactively can be attained, moreover can provide an operator 
with the response near processing actuation in the real world, and can attain a high sense of reality. And 
according to this invention, although the model may be prepared in the fixed position, an operator may 
grasp and displace and a configuration design becomes still easier by this. 

[0062] Thus, in deformation actuation of the image of a three-dimension workpiece, form status change 
form actuation that precision is high is cheaply realized with a comparatively easy configuration, being 
accompanied by the sense of reality high as mentioned above by using the model and simulation 
processing tool for actuation. Therefore, in the field which was performing the configuration design 
from the former using the clay model and the wooden model, expansion of the three-dimension 
configuration design of this invention is attained. 

[0063] According to this invention of claim 2, when an operator grasps a model and detects the location 
and posture of the model, the configuration of the stereoscopic vision of the workpiece seen from the 
operator can be expressed to the screen as an image, therefore a high sense of reality can be given to an 
operator. 

[0064] According to this invention of claim 3, the location on the front face of a model and the location 
of a workpiece are corresponded beforehand, When a model and a workpiece are the same and it is 
similar, and even if it is any when differing, a simulation processing tool can be contacted on the front 
face of a model, the image of a workpiece can be transformed, and actuation approximated as much as 
possible to processing actuation in the real world can be performed. 

[0065] According to this invention of claim 4, a model has a configuration similar to the configuration 
of a workpiece, and according to this invention of claim 5, a model can give an operator the response 
which contacted and approximated the simulation processing tool to processing actuation in the real 
world as much as possible on the front face of a model, even if the configuration of a workpiece has a 
different configuration and is at which time. 

[0066] According to this invention of claim 6, a workpiece divides the front face of the workpiece into 
two or more fields, when large compared with a model, Make a model correspond alternatively, 
correspond the location on the front face of a model, and the location in the selected field, and a 
simulation processing tool is contacted on the front face of a model. The location where the image of a 
workpiece corresponds can be deformed, it can be highly precise, and the workpiece which has a large 
configuration in this way can be transformed now, and the response near processing actuation in the real 
world can be given to an operator in such a configuration. 

[0067] According to this invention of claim 7, with the 1st detection means, the location and posture of a 
model which the operator grasped can be detected, and it can be displayed as the stereoscopic vision 
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image which looked at the configuration of a workpiece from the operator, and is the 2nd detection 
means further, When a simulation processing tool detects the location in contact with a model and 
detects the contact pressure with a pressure detection means further, said part which contacted can be 
deformed with the time amount rate of change of the deformation corresponding to a pressure, and this 
can perform form status change form actuation that precision is high, with a high sense of reality. 
Moreover, such actuation is very easy. It is possible to give an operator the actuation feeling of an 
actually near response and reaction force. Moreover, since such a configuration is easy, its failure 
decreases, and it can be realized by the low price. 

[0068] Furthermore, according to this invention, this invention can be carried out over rough processing 
from micro processing. For form status change form actuation of the technical field which was 
furthermore performing the configuration design using the clay model and the wooden model from the 
former, and other three-dimension workpieces, this invention can be carried out broadly. 
[0069] According to this invention of claim 8, the 2nd detection means can detect the posture of a 
simulation processing tool, the deformation direction of a workpiece can be set up corresponding to the 
posture when contacting a model in a simulation processing tool, and this can perform deformation 
actuation of the image of a workpiece with a still higher sense of reality. 

[0070] According to this invention of claim 9, the image of a workpiece can be dented, or it can upheave 
and the outstanding effectiveness that this can perform various kinds of configuration designs easily is 
attained. 

[0071] According to this invention of claim 10, like above-mentioned claim 3, when the configuration of 
a model and the configuration of a workpiece are the same and it is similar, an operator can be provided 
with the response near processing actuation in the highest possible real world, and reaction force also in 
any when differing. 

[0072] Being accompanied by the highest possible sense of reality like above-mentioned claim 6, 
according to this invention of claim 1 1, even if a workpiece is compared with a model at the large time, 
form status change form actuation that precision is high is attained, and even if it is a big workpiece, it 
becomes possible to perform micro processing easily. 

[0073] According to this invention of claim 12, since a texture can be alternatively stuck on some [ at 
least ] fields of the image of a workpiece, it becomes very easy to understand the image of the finished 
product of the workpiece by texture attachment, and the deformation activity of the workpiece by the 
simulation processing tool can be easily done with a sense of reality. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the simulation 
processing approach and equipment which generate and give the actuation feeling of a response to the 
simulation processing tool which the operator's grasped, and enabled it to give a high sense of reality 
moreover. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the configuration of the one whole gestalt of operation of 
this invention. 

[Drawing 2] It is the perspective view showing a model 5 and the three-dimension stereoscopic vision 
image 4 of the workpiece in the display screen 3. 

[Drawing 3] It is the block diagram showing the electric configuration of a processor 1 . 

[Drawing 4] It is a flow chart for explaining actuation of the processing circuit 14 shown in drawing 3 . 

[Drawing 5] It is drawing for explaining actuation of a force sensor S3. 

[Drawing 6] It is a flow chart for explaining concrete actuation in the form status change form mode 
shown in step a4 of drawing 4 performed by the processing circuit 14. 

[Drawing 7] It is drawing showing the time amount rate of change V of the deformation corresponding 
to the contact pressure F detected by the force sensor S3 of the image 4 of a workpiece. 
[Drawing 8] It is the simplified perspective view showing the configuration in the deformation location 
which can be set up by the deformation configuration switch 19. 

[Drawing 9] It is the perspective view simplified for explaining the condition of carrying out 
deformation processing of the model 5 using the simulation processing tool 6. 

[Drawing 10] It is drawing showing image 4a displayed on model 5a of other gestalten of operation of 
this invention, and the screen 3 of the display means 2. 

[Drawing 11] It is a flow chart for explaining actuation of the processing circuit 1 when using object 
model 5a for map mold actuation shown in drawing 10 . 

[Drawing 12] It is drawing showing image 4b displayed on model 5b of other gestalten of operation of 
this invention, and the screen 3 of the display means 2. 

[Drawing 13] It is the flow chart which shows actuation of the processing circuit 1 for explaining the 
actuation which transforms image 4b using object model 5b for subtype actuation shown in drawing 12 . 

[Description of Notations] 

1 Processor 

2 Display Means 

3 Two-dimensional Screen 

4, 4a, 4b Image 

5, 5a, 5b Model 

6 Simulation Processing Tool 
8 Point 

1 1 The Deformation Direction Configuration Switch 

14 Processing Circuit 

15 Input Means 

16 Record Medium 

17 Read-out / Write-in Means 
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29 Field 
S1,S2 Sensor 
S3 Force sensor 
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[Drawing 12] 
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